The aim of this study was to investigate nonesterified fatty acid (NEFA), beta-hydroxy butyric acid (BHBA), and milk urea nitrogen (MUN) profiles for dairy cows fed with rumen-protected choline (RPC) during the transition period. A total of 30 dairy cows were allocated to one control and two experimental groups (10 animals per group) and were fed from 3 weeks before calving to 21 days in milk. The control was fed only the basal diet. Treatment groups 1 and 2 were fed a basal diet containing 60 and 120 g/head/day RPC, respectively. The differences between groups were insignificant for MUN levels of colostrum and milk. There were no significant differences (P > 0.05) between the groups in terms of serum NEFA or BHBA levels. RPC supplementation did not have a significant effect on energy or protein metabolism of dairy cows during the transition period. The main effects of the periods without group effects in the model were highly significant (P < 0.01) for NEFA and BHBA. There is no need to add RPC to rations formulated as isocaloric and isonitrogenic for optimal rumen fermentation in dairy cows during the transition period. To better understand the effect of RPC on dairy cows during the transition period, there is a need for further studies of animals with known metabolic profiles, and those having high milk yields or metabolic disorders.
Introduction
The incidence of metabolic diseases significantly differs based on nutrition in dairy cattle in their transition period. In this period, low or insufficient feed consumption of cows increases the incidence of metabolic diseases. In this sense, the metabolic profile provides advantages for early detection of periparturient diseases that significantly affect the profitability of dairy cattle in relation to reduced breeding performance and yield. Several studies in this field have focused on certain diseases (hypocalcemia, ketosis, abomasum displacement). However, it was proven that such periparturient diseases do not occur by themselves and they are related to each other (1) .
Choline can be endogenously synthesized, and it is closely related to methionine, folic acid, and vitamin B 12 . Choline plays a key role in the syntheses of phosphatidylcholine and acetylcholine molecules, which have important roles in the body. Phosphatidylcholine is the main phospholipid in ruminants, and it has critical significance for fat absorption and transport, as well as cellular transport and lipoprotein synthesis. Choline has a lipotropic structure that speeds up the process of metabolically burning the fats in the body and prevents fat accumulation by increasing the transformation amounts and secretion of triglycerides in the liver. Thus, choline deficiency leads to insufficiency of phospholipids that have the role of carrying fats from the liver to other tissues, and fat may accumulate in the liver (2) . A large part of the choline added to rations is metabolized in the rumen. A very small part of it can avoid the microbial activity in the rumen. Namely, unprotected choline easily degrades in the rumen. This is why there is a need for choline that is protected from the rumen environment. Therefore, choline is added to the diet in a rumen-protected form. Choline requirements are still uncertain for dairy cows (3). The rumen-protected form of choline has been improved to transmit choline with less degradation to the small intestine (4). Rumen-protected choline (RPC) increases the supply of choline in the small intestine with increasing milk yield and milk components or alleviated development of fatty liver syndrome (5) . In the transition from the early dry period to the late dry period, i.e. while entering the last 3 weeks of the dry period, due to reduction in dry matter consumption, and despite this, increased nutrient and energy requirements, a transition should be made to rations with high energy and nutrient values and low neutral detergent fiber (NDF) to prepare the rumen for feeding in the lactation period (6) . Metabolic profile tests are used to observe the health of the herd, help diagnose metabolic diseases and yield disorders, and determine the metabolically superior animals. In this transition period, significant changes are observed in blood and milk parameters based on mistakes made in feeding strategies that are used for dairy cattle. This study aimed to determine the effects of RPC added to the rations of Holstein cattle in the transition period in different amounts on nonesterified fatty acid (NEFA), beta-hydroxy butyric acid (BHBA), and milk urea nitrogen (MUN) values.
Materials and methods

Animal material
This study was approved by the Local Animal Experiments Ethics Board of Ondokuz Mayıs University (dated 10.03.2014 and numbered B.30.2.ODM.0.20.09.00-050.04-15).
The research was carried out at the Gökkale Agriculture and Stockbreeding establishment, operated with a capacity of about 2500 cattle near the Çakallar village of the district of Devrekani in Kastamonu, Turkey. Groups were formed by the method of random sampling from animals that were determined to be in the last 3 weeks of pregnancy by examining their artificial insemination records and animals whose lactation numbers and milk yields in their previous lactation periods were known. All the animals were taken into the study 3 weeks before the expected birth date in such a way as to cover the transition period and subjected to treatments until 3 weeks after birth. The study was carried out between 15 March and 20 May 2014 and included a total of 30 Holstein cattle so that each of the control and two experimental groups contained 10 animals.
Feed material
The control group was fed only with a basal diet, while treatment groups 1 and 2 were fed with a basal diet containing 60 and 120 g/head/day RPC, respectively. The RPC was provided by YEM-VIT Vitamin-Added Feed Additives Inc. in Kemalpaşa, İzmir. The nutrient contents of the feed materials that were used in the study are presented in Table 1 , while the characteristics of the rations that were used in the prepartum and postpartum periods are given in Table 2 .
Chemical analyses of the feeds
The feeds were used in the analyses by grinding them in a mill with a mesh diameter of 1 mm. The dry matter (DM) contents of the feeds were determined by drying them in an oven at 105 °C for 8 h, while their crude ash contents were determined by burning in an ash oven at 550 °C for 4 h. The nitrogen (N) contents were determined with the Kjeldahl method. Crude protein was determined with the N × 6.25 formula. Crude fat analysis was conducted with an automated Soxhlet system of the Büchi brand (Büchi B-811) (7) . Metabolic energy levels were calculated according to the Turkish Standards Institution (8). The NDF and acid detergent fiber (ADF) contents, which form the cell wall compounds of feeds, were analyzed by the method reported by Van Soest et al. (9) using an ANKOM 200 Fiber Analyzer device (ANKOM Technology Corp., Fairport, NY, USA).
Collection and analyses of blood and milk samples
The blood samples were collected from an abdominal vein of the animals in the beginning of the prepartum period, at parturition or the 1st days after calving, 1 and 3 weeks after parturition while the milk samples were collected at parturition, and 1 week and 3 weeks after birth. Daily milk yield records were identified by utilizing the computercontrolled system of the enterprise. Milk obtained from morning and evening milking of animals was rated per yield, and that day's milk mixture was prepared. In order to prevent microbial deterioration, 2-bromo-2-nitropropane-1.3-diol was added to the milk. Then milk was preserved at -20 °C until analysis. The blood samples that were collected from the animals before morning feeding were taken into tubes without anticoagulants and centrifuged for 10 min at 3000 rpm at 4 °C. The clear blood serum at the top was then collected and stored at -20 °C until the time of analysis. The NEFA quantities were determined using a commercial kit (Sigma Aldrich, Catalog Number MAK044) in a Thermo Scientific Multiskan GO microplate spectrophotometer device, and the BHBA quantities were determined by using beta ketone test strips in a beta ketone monitoring device (Model TD-4235).
Statistics
Lactation numbers were analyzed and compared by using a link = normal link function with the method of generalized linear models (Genmod). For the parameters of MUN, NEFA, and BHBA, comparisons were made among weeks and groups with the ANOVA method, which was repeated weekly. The weekly changes were analyzed based on thirddegree polynomial functions. Descriptive statistics were calculated and are presented in tables.
Results
The mean numbers of lactation in the control and treatment groups 1 and 2 were 2.30 ± 0.423, 2.10 ± 0.277, and 2.18 ± 0.325, respectively (P = 0.9217). When the numbers of lactations were examined, it was seen that the studied cattle were close in the three groups in terms of their ages.
Milk production and milk metabolite values
The average milk yields per week according to groups are given in Table 3 . While there was no statistical difference among groups in terms of weekly milk yields, milk yield of experimental group 1 was found numerically higher than the others. The postpartum MUN levels of the animals in the groups in colostrum and milk are presented in Table 4 .
The RPC that was used in different amounts did not have a statistically significant effect on the MUN levels in the colostrum or the milk. However, the MUN levels of the animals in experimental group 2, which was given at a daily amount of 120 g RPC per animal, were numerically higher in all periods.
Blood metabolite values
Based on the groups, the BHBA and NEFA levels of the animals are given in Table 4 . There was no significant difference among the groups based on serum BHBA and NEFA levels. However, the BHBA levels in the prepartum period were numerically higher in comparison to those in the postpartum period. There was a decrease in serum BHBA values in the 3rd week of lactation. The NEFA concentration expectedly increased up to birth and reached its peak during birth. There was a decrease in serum NEFA levels in the control group and the experimental groups. This decrease became more noticeable in the 3rd week of lactation. Additionally, at the end of the study (3rd week of lactation), the serum NEFA levels of the animals in the experimental groups in which RPC was consumed reached lower levels in comparison to those in the control group. Mean values of NEFA, BHBA, and MUN in the dairy cows by periods are presented in Table 5 . The change in NEFA levels was found to be statistically significant. The highest NEFA value was reached during parturition. This provides the energy required by the cattle while going into parturition by oxidation of fats. The blood BHBA levels were minimized in the 3rd week of the postpartum period. This may be explained by the animal leaving a state of both hormonal and parturition stress and entering a period where it could consume sufficient quantities of dry matter.
Discussion
The mean numbers of lactations in the dairy cattle in the transition period in the control and experimental groups 1 and 2 were respectively 2.30 ± 0.423, 2.10 ± 0.277, and 2.18 ± 0.325. There was no significant difference among the groups (P > 0.05). Therefore, the potential effect of number of lactation on the results of the study was eliminated.
Weekly milk yields in the control and experimental groups 1 and 2 in the 3rd week after parturition were determined as 38.37 ± 2.433, 39.90 ± 2.395, and 36.34 ± 3.509 kg, respectively. Milk yields of experimental group 1 were numerically high in terms of weekly milk yields. There was no significant difference (P > 0.05) in fat-free dry matter or fat and milk protein content among the control, experimental group 1, and experimental group 2. Cooke et al. (10) found that RPC addition to rations of dairy cows positively influenced milk yields in the transition period, which is in agreement with results for 60 g of RPC in the present study. Increasing the intestinal supply of RPC, experimental group 1 had improved milk production in the 3rd week of the postpartum period, approximately 4% higher than that of the control. Erdman and Sharma (11) reported that RPC supplementation to rations of dairy cows increased milk yield, but milk fat and milk protein levels did not change, which were similar in terms of milk fat and protein. Pineda and Cardoso (12) determined that effects of RPC on milk yield and milk fat were not statistically significant, which is in line with the results of this study, and they found statistically significant differences in terms of milk protein, which is different from the results of this study. However, some researchers did not observe any significant effects on milk fat yield, milk protein, total solids, and milk urea nitrogen concentrations in RPC-supplemented cows compared to controls (13) (14) (15) , which is in line with the results of the present study. On the other hand, supplementation of RPC has not been positively associated with milk concentrations of fat, protein, or other milk components (13) .
The protein level in a ration is an important factor for reproductive performance. Increased urea nitrogen in milk and blood creates problems especially in the animals' conception. In this study, the mean MUN levels in the colostrum of the animals in the control and experimental groups 1 and 2 were respectively 15.46 ± 0.504, 14.63 ± 1.267, and 16.73 ± 0.663 ml/dL, while the levels in the milk of the animals were respectively 14.52 ± 0.653, 15.71 ± 0.967, and 16.38 ± 0.695 ml/dL. The difference among the MUN levels in the colostrum and milk of the groups throughout the study was not significant (P > 0.05). Minuti et al. (16) found MUN values in the 1st and 3rd weeks respectively as 14.7 and 12.2 ml/dL. Their results were lower than those found in this study. Pineda and Cardoso (12) found the effects of calcium salts and RPC on the levels of MUN in animals in the middle and advanced lactation periods in the control and experiment groups as 15.4 and 16.1 ml/dL, respectively. These results were similar to those in this study. Hartwell et al. (5) did not find a significant effect of RPC added to the rations of dairy cattle in their transition period on MUN levels, which supported the results in this study.
BHBA analysis may be utilized in the postpartum period in monitoring the health status of animals (17, 18) . In this study, the BHBA levels of the animals in the prepartum period (3rd week before parturition) in the control and experimental groups 1 and 2 were respectively 0.92 ± 0.104, 0.82 ± 0.051, and 0.75 ± 0.093 mmol/L, while these values in the 3rd week of the postpartum period were respectively 0.62 ± 0.081, 0.60 ± 0.047, and 0.75 ± 0.111 mmol/L. For the prepartum (-3 weeks) and postpartum (+3 weeks) periods, the difference among the groups in terms of BHBA levels was found to be statistically insignificant (P > 0.05). On the other hand, the BHBA levels in the control and experimental group 1 were found to be higher in comparison to those in the 3rd week of the postpartum period. When the time-related changes based on the groups were analyzed, the intragroup time × group interactions were found to be insignificant (P > 0.05). The main effects of the periods without group effects in the model were highly significant (P < 0.01) for BHBA. Uyarlar (19) conducted a study on dairy cattle in the transition period and found the effect of RPC on blood BHBA concentration (0.17-0.42 mmol/L) to be insignificant, which was similar to the result of this study. However, the BHBA values obtained in that study were lower than those in this study. Higher serum BHBA levels before parturition, at parturition, and in the 1st week of the postpartum period are caused by the need for energy that arises as a result of glucose and gluconeogenesis deficiency. In the 3rd week of the postpartum period, there were decreases in the BHBA levels in all the groups. The finding that RPC did not have an effect on the BHBA levels of the cattle in the transition period was similar to the conclusion reached by Uyarlar (19) . The NEFA levels of the animals in the control group and experimental groups 1 and 2 were respectively 0.78 ± 0.210, 0.53 ± 0.077, and 0.45 ± 0.071 mmol/L in the prepartum period (-3 weeks) and 0.48 ± 0.093, 0.34 ± 0.126, and 0.34 ± 0.112 mmol/L in the postpartum period (+3 weeks). The differences among the groups in the prepartum (-3 weeks) and postpartum (+3 weeks) periods in terms of NEFA levels were insignificant (P > 0.05). However, these levels decreased in the postpartum period. Increase in NEFA concentrations in the postpartum period and at parturition is an indicator of fat mobilization. The finding that RPC supplementation did not have an effect on the plasma NEFA levels of the dairy cattle in the periparturient period was similar to the result of Pineda and Cardoso (12) . When the time-related changes based on the groups were examined, the intragroup time × group interactions were found to be insignificant (P > 0.05). The main effects of the periods without group effects in the model were substantially significant (P < 0.01) for NEFA. Whitaker (20) found the upper threshold for plasma NEFA levels as 0.4 mmol/L at the end of parturition and 0.7 mmol/L in the early lactation period. Whitaker also defined the upper threshold for BHBA as 1.0 mmol/L for dairy cattle and 0.6 mmol/L for cattle in their last period of pregnancy. The NEFA and BHBA values before parturition and at parturition in this study were higher than those determined by Whitaker (20) . However, this may be explained not by a state of negative energy balance, but by high body condition scores (>3.10) and heavier live weights. The finding that RPC addition did not have an effect on plasma NEFA concentrations was in agreement with the results of Hartwell et al. (5) . On the other hand, some studies reported that plasma NEFA concentrations decreased as a response to RPC addition (10) .
Plasma BHBA and NEFA concentrations are frequently used to demonstrate the energy status in dairy cattle and detect subclinical ketosis. Subclinical ketosis diagnosis may be made if the plasma BHBA level is <0.9 mmol/L (21) . The threshold level for NEFA concentration that indicates a negative energy balance was reported as 0.6 mmol/L (21) . It was observed that limiting concentrated feed and adding choline to the ration in the prepartum period led to a decrease in serum BHBA and NEFA levels and prevented fatty liver syndrome (22) . The findings of another study (10) that choline supplementation in rations did not change NEFA and BHBA levels in comparison to control groups were in agreement with those obtained in this study. Evans et al. (23) reported that choline addition to the rations of dairy cattle in the transition period may help reduce NEFA levels in the blood. In this study, there were numerical reductions in the serum NEFA levels in the groups for which RPC was added to the rations. Młynek et al. (24) reported that BHBA concentration was higher in high-yielding dairy cows than in low-yielding dairy cows, which indicates an excess of the fatty acid released from adipose tissue for the intensity of milk secretion. The results of the present study were similar to those of low-yielding dairy cows.
Consequently, it was determined that the RPC that was supplemented in the rations of dairy cattle in the transition period at different levels did not have a significant effect on their energy and protein metabolism. The main effects of the periods without group effects in the model were highly significant (P < 0.01) for NEFA and BHBA. There is no need to add RPC to rations formulated as isocaloric and isonitrogenic for optimal rumen fermentation in dairy cows during the transition period. To better understand the effect of RPC on dairy cows during the transition period, there is a need for further studies of animals with known metabolic profiles, and those having high milk yields or metabolic disorders.
